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AAV MICROUTROPHIN ANO METHODS OF tlSE THEREOF 



DcMilptiiui of the TMlniologjri 

This dobument discloses die coanraetloa and Intsnded use of a mlcmumphlD 
coding sequence in the treatment of tlie most commtm X-linkod letfaal diseMe in men. 
Tte goal Is to ue fliia new ooastiiiedon In the eontext of moomUnint AAV deUveml to 
aMetal and iddmaialy cardiac moscle as oulUned In previons technology diBdosoies. 

Duchenne Musoalar pysttophy (DMD) Is caased by a deficiency of the mnsole 
cytoslceletal protdn known as dy8irophIn(Hofftnan, Brown et al. 1987; Hoffinan, 
Flsobbeok et aL 1988). Dystrophin is a member of the apeetiia supectenily of uotdns 
^* •IphwoUninOKoeolg, Monaco et al. 1988). 

J^rstPOphia is most doaely rdated to the pratein ntwphinCnnsley, Blake et d. 1992). 
Tba genes for tfiese two proteins have nearly Identlcd Intron/exon stnictiins. and the 
^(BlnB are 50+ft homologous at the amino acid level. Dystrophin is exprassed 
tfaroaghout die entire length of the skeletal musde fiber while ucraphin is nomidly 
e^ssed only at the neiwnnuBoalar Jancdon. Most oases of DMD result tnm aporadio 
del^OQs of the X duomosonwJ dystrophin geneCKoenlg, Beggs et al. 1989). The 
ttstruetKm of the dystrophia open reading frame by these mntattons suggests that 
tbarapies diat genetfeally feeonstltute dyatropUn expxesslon wfll elidt a eeUular immnno 
seqwnse agdnst die flbera in which die protetai is synthesized, 

hi die years fellowiiig the intdal disoovety of otrophln. the (echaologies for 
targeted gene ablation in mice faollitated a foxmal geaetle aoalysfB of gene 
oonvlemeiitation. In die transgenle mouse In whidi the expression of atrophia Is dictated 
^, "tropWn can complement die physfologieal role of 

dystrophinCTinsley, Potter et al. 1996: Tinsley, Deooninok et aL 1998). This has 
pronvted a multi-mllHon dollar reasearoh effbxt to find phatmaeologied means of 
?«^"r? f^«®*JP^*°" ntnipWn in die mnsele of patients with DMD(Burton. 
lusley et d. 1999; P«itinB» Buiton et al. 2001). 

Oor Bttaisgy Is dIfBsrent; somatic transfer of a micro-ufrophin encoding DNA 
sequence under the control of a masde-spedfle promotei<Stedmaii 2001). Recently 
pubUahed stu«es from severd groups have demonstrated Uie udliiy of AAV-dted 
nicrodysirophin cassettes for teversin* die padiology of dystrophin defldeney In 



siUce(Wangt Li et aL 2000; Harper. HaoBer et al. 2002). Building on this advance, we 
have constructed a microutrophin cassette for use in probing both the functional 
restoration of dystrophin and the Immune response. Our preferred animal model for these 
studios is the Oerman Short Haired Pointer dog, because of Us complete deletion of the 
dystrophin coding sequence(5chat2berg, Olby et al. 1999). All other ''dystrophin- 
deflctenf * animal models described to date derive from point mutaiiona. with Ae end 
result that ttxe immune systems In ftese animals are predicted to develop tolerance to the 
peptide encoded by the remainder of the dystrophin open teading £rame(Schatsberg, 
Anderson et al. 1998; Lu, Moiris et al. 2000). In the OSHP dog model we will be able to 
study ill detail the Imrhune response to recombinant canine dystrophin and utrophin. 
when tliesc proteins are produced from somatkally delivered AAV vectors. On 
completion of these studies we will have answered essential qc^stions about ttie relative 
safety and efficacy of the two methods fbr treadng DMD by somatic gene transfer. 



2. 



Sequence 1 
Miooutropbin Nucleotide Sequence 

MWCACCCATCAATCaTATOTTCACaOACCTCA^ 

MTW^OACTTQAACATa^ 
CCGTTCAACWCCTOACSUVGJUUITCC^^ 

JUCWATGACCCTCKWAAATGCTAOATaGOAOOCAC^ 
OTT{»TaaAACTACAAAAQAAOeaOTT(K!AACAQC^ 

CTACAAGAAATTAATATATTOTGOCAOGAATTATTAaAAaAACAOTOCTTOT^^ 
MMCTTAAATAAAflTCCAOAOSAGCakACTrCAAAGACCWUJUS^ 

AA(»TTCCTCTAACCA0a«3ACTCAGGCTOT(KKauUl9CTaS3» 

CTOTOAOGAATMCTaSAAGCCWaTOGQAaAerrACTXAT^ 

CATCCATCTCrAAACaTOTCTCOCX»<^^ 

GCOTAAACAGCTrCAfiGAAOCCCSlTAaAaATTTXOaaC^ 

AT00CAAAaATCCATTT£»CA3!I«TAA»0^ 

AAAATOACTOAACTCTTTC^ATCTCTTOCTCBVCCTOAATAATOT^ 

OAAflACTACAAAAAOWCTOTaa-JTOGATCTCTTAQAOTTOAATACWiauuiTGU^ 

Oa«AAT(aTCAaCrTCTTAaCGTrCC3U3ATOTCATCAACTOTCT<»CAACAA 

AAOlATMWlCAACGTTCCACrCTGTOTeGATATOTaTCT^ 

GAWLAATAAGAQTOCAC^GTCTaAAGAT^^ 

CTTTAAGOAflGltsaCAOOlXXXJACAGAAATaTaXGACCAOAQaCAOCT^^ 

CCTCOaCAGCTOaOGQAAGTAGGAaCOTTTGGGOOCAGTAATATTGAACCCAaTOTTCOCAGCTOCT^ 
AC*ATAAGa»GAGATAAOC»TAAAAGATTrrATAOATT«^ 

TOTACACCaAaTGOCT0(aiGCTQU«SACT0CaUAGCATCAAGCTAAATOCAACAT^^ 
TTCAGGTATAGAAGCOTAAAGcaVTTTTAACTATaATGTOTQCCAOAOTTOCa*TTT^^ 

wSTOAaUlCTTAaAaACTTaAAAAACTCaAa 



Sequence 2 
Micn>utrophin Pqitide Sequence 

KI.ll^TOllUWQVXDVMia>VMSDI^(!TOSBIt^^ 

^ra^urewjQQvnoAjMvBTUTOVKoc^ 



^^mHTO^AFKEEIAPINUCVKTVNDl^SQ^ 
QV^DRLXQIXJBAHWJFGPSSQHFI^VQI^WQRS^fl^^ 
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We Claim: 

1 . A microutrophin cassette for treatment of Duchenne Muscular Dystrophy (DMD) by 
somatic gene transfer. 

2. , A method of using the microutrophin cassette of claim 1 for restoration of dystrophin. 

3. A method of using the microutrophin cassette of claim 1 to generate an immune response. 

4. A method of treating dystrophin deficiency by somatic gene transfer. 

5. The nucleotide sequence embodied in sequence 1 that encodes a microutrophin molecule, 
wherein the microutrophin molecule is homologous to the human dystrophin homolog utrophin. 

6. A microutrophin molecule embodied in the polypeptide sequence of sequence 2, wherein 
the microutrophin molecule is homologous to the human dystrophin protein homolog utrophin. 

7. A method of treatment using the nucleotide sequence of claim 5 wherein the nucleotide 
sequence is delivered to human cells by one or more gene vectors from the group comprising 
adenovirus, adeno associated virus, lentivirus and plasmids. 

8. A method of using the sequence of claim 5 in gene therapy applications to treat muscle 
disorders. 

9. A method of using the sequence of claim 5 in gene therapy applications to treat muscular 
dystrophy. 

10. A method of using the sequence of claim 5 in gene therapy applications to treat 
Duchenne Muscular Dystrophy. 

11. A method of using the microutrophin molecule of claim 6 to treat muscle disorders. 

12. A method of using the microutrophin molecule of claim 6 to treat muscular dystrophy. 

13. A method of using the microutrophin molecule of claim 6 to treat Duchenne Muscular 
Dystrophy. 

14. A nucleotide sequence that is at least 50% homologous to the nucleotide sequence of 
claims. 

15. A polypeptide sequence that is at least 50% homologous to the polypeptide sequence of 
claim 6. 
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